Aims. We studied an exceptional period of activity of the anomalous X-ray pulsar 1E 1547.0-5408 in January 2009, during which about 200 hard X-ray / soft γ-ray bursts were detected by different instruments on board of ESA's γ-ray observatory INTEGRAL. Methods. The major activity episode (22 January 2009), which was detected by NASA's γ-ray telescope Swift, happened when the source was outside the field of view of all the INTEGRAL instruments. But we were still able to study the statistical properties as well as spectral and timing characteristics of 84 short (100 ms−10 s) bursts from the source during this activity period detected simultaneously by the anti-coincidence shield of the spectrometer SPI on board of INTEGRAL and by the detector of the imager IBIS/ISGRI. Results. We find that the luminosity of the 22 January 2009 bursts of 1E 1547.0-5408 was ≥10 42 erg s −1 above ∼80 keV. This luminosity is comparable to that of the bursts of soft gamma repeaters (SGR) and is at least two orders of magnitude larger than the luminosity of the previously reported bursts from AXPs. Similarly to the SGR bursts, the brightest bursts of 1E 1547.0-5408 consist of a short spike of ∼100 ms duration with a hard spectrum, followed by a softer extended tail of 1-10 s duration, which occasionally exhibits pulsations with the source spin period of ∼2 s. The "short spike + tail" template is not valid for all the observed bursts. We also observe a certain amount of ∼1 s duration bursts either without a spike or with a spike delayed with respect to the onset of the burst. A third type of bursts is the "flat-top" burst of sub-second duration, which is similar to the "precursors" observed in the SGR flares. We find that the bursts of 1E 1547.0-5408 harden with increasing luminosity. Such a behavior is opposite of those observed in SGR bursts, but is similar to the hardness-luminosity relation observed in AXP 1E 2259+586. We confirm the existence of a correlation between the burst fluences and durations and the absence of a correlation between the burst fluence and the waiting time between subsequent bursts, previously established for the AXP 1E 2259+586. Conclusions. The observation of AXP bursts with luminosities comparable to the one of SGR bursts strengthens the conjecture that AXPs and SGRs are different representatives of one and the same source type, and that the AXP and SGR bursts are triggered by a similar type of instabilities.
Introduction
Anomalous X-ray pulsars (AXP) and soft gamma repeaters (SGR) are believed to be young neutron stars with ultra-strong magnetic fields exceeding the Schwinger magnetic field B Schw = m 2 e c 3 /e 4.4 × 10 13 G (Duncan & Thompson 1992; Paczynski 1992 ; Thompson & Duncan 1995; Mereghetti 2008) .
SGRs are known to exhibit periods of activity, during which they emit a large amount of short bursts with typical durations of ∼100 ms and a luminosity reaching ∼10 42 erg s −1 (see Mereghetti 2008 , for a recent review). The bursting activity appears to be a random process with a waiting time between the bursts distributed lognormally and with no correlation between the waiting time and the burst intensity (Hurley et al. 1994) . The burst intensities follow a power law distribution (Gögüş et al. 1999) . Similar bursting activity is observed also in AXPs (Gavriil et al. 2002; Kaspi et al. 2003; Gavriil et al. 2004 Gavriil et al. , 2008 Woods et al. 2005; Israel et al. 2007 ). However, the AXP bursts detected up to now have much lower (by several orders of magnitude) luminosities. Besides, contrary to the SGR bursts, which exhibit spectral softening with increasing luminosity (Gögüş et al. 2001) , the brighter AXP bursts appear to have harder spectra (Gavriil et al. 2004 ).
The lightcurves of the AXP bursts have a rich morphology. Woods et al. (2005) introduced a tentative classification for the AXP bursts, dividing them into short bursts with symmetric time profiles (type A) and longer fast-rise/slow-decay bursts with the decaying tails lasting tens to hundred seconds (type B). The "type A" bursts resemble the short bursts of SGRs (although with much lower luminosity), while the "type B" bursts are weak analogs of the so-called "giant flares" of SGRs which are usually characterized by a short spike followed by a longer pulsating tail lasting up to thousands of seconds. It is not clear if such a classification corresponds to physically different types of bursts (e.g. the bursts triggered by the fractures of the neutron star crusts (Thompson & Duncan 1995) and the bursts triggered by magnetic reconnection events (Lyutikov 2002 ) and whether it is exhaustive (i.e. all the bursts are either type A or type B). It is also not clear if the dramatically different luminosity of the SGR and AXP bursts reflects the difference of physical conditions in the two source classes or the difference in the mechanisms leading to the production of the bursts. A&A 510, A77 (2010) 1E 1547.0-5408 was discovered by the Einstein satellite (Lamb & Markert 1981) in the search of an X-ray counterpart of a COS-B source and was recently identified as a magnetar in the center of the supernova remnant candidate SNR G327.24-0.13 (Gelfand & Gaeinsler 2007) . A discovery of pulsed radio emission with a period P 2 s and period derivativeṖ 2.3 × 10 −11 s −1 enabled the estimation of the magnetic field close to the neutron star B 2.2 × 10 14 G as well as of its distance D 9 kpc ). The X-ray flux from the source is known to exhibit large variations in the range of (0.1−5) × 10 −12 erg cm −2 s −1 in the 1-8 keV energy band, which corresponds to variations of the source luminosity 10 34 erg s −1 ≤ L X ≤ 10 35 erg s −1 (Halpern et al. 2008) . The source spectrum in the soft X-rays is dominated by a quasi-thermal emission with the temperature T 0.4−0.5 keV. Halpern et al. (2008) reported the discovery of X-ray pulsations from the source with the period being consistent with that of the radio pulsations.
In this paper we report on a study of the episode of bursting activity of 1E 1547.0-5408 in January 2009. During this episode, about 200 bursts from the source Mereghetti et al. 2009a) were detected by the Anti-Coincidence Shield (ACS) of the spectrometer SPI on board the INTEGRAL satellite (Winkler et al. 2003) . The flaring activity of the source was initially discovered by Swift (Gronwall et al. 2009 ) and was also observed by the Fermi/GBM telescope (Connaughton & Briggs 2009; von Kienlin & Connaughton 2009 ). The source was not detected in the radio band during the peak of its highenergy activity (Camilo et al. 2009 ). Pulsed radio emission appeared about three days after the major activity episode (Burgay et al. 2009 ).
Major episodes of activity consisting of clusters of ∼10−10 2 bursts are typical for SGRs, but in the case of AXPs such activity was detected only once, in the source 1E 2259+586 in 2003 (Gavriil et al. 2004 ). Below we compare the characteristics of the bursting activity of 1E 1547.0-5408 with those of 1E 2259+586 and of SGRs. We find that contrary to the 1E 2259+586 bursts, the luminosity of the 1E 1547.0-5408 bursts at the energies above ∼80 keV during the January 2009 activity period was comparable to the one of SGR bursts and possibly reaching the luminosity scale of SGR giant flares.
Detection of the increased activity of the source on 22 January 2009 has led to a dedicated target-of-opportunity (TOO) observation of the source during the period 24-29 January 2009. During the TOO on-axis observation, the rate of bright bursts as well as the luminosity of the individual bursts largely decreased. However, the source was detected at an average flux level (1.9−2.6) × 10 −10 erg cm −2 s −1 in the 20-40 keV band, which is still two to three orders of magnitude higher than the "quiescent" and "flaring" flux previously measured by XMM-Newton at somewhat lower energies (Baldovin et al. 2009; den Hartog et al. 2009 ). In spite of this decrease, the brightness of the bursts was enough to saturate the telemetry of the imager IBIS/ISGRI on board of INTEGRAL, because during the TOO observation the signal from the source was not suppressed by the walls of the telescope. The analysis of the ISGRI detector lightcurves and of the data of the anti-coincidence shield (ACS) of the spectrometer SPI during the 22 January 2009 activity period is still the best suited for the study of the spectral and timing characteristics of the individual bursts/flares of the source as well as for the statistical study of the properties of the bursts during this exceptional activity period. Below we concentrate on this analysis.
Data analysis
The ACS consists of 91 bismuth germanate (BGO) scintillator crystals of a thickness of between 16 and 50 mm and with a total mass of 512 kg (von Kienlin et al. 2003) . The ACS events are recorded as the overall detector count rate sampled in time intervals of 50 ms. No energy or directional information is available. The ACS is sensitive to photons above a low-energy threshold corresponding to approximately 80 keV. Dead time and saturation effects in the crystals and electronics are negligible (<1%) for total count rates smaller than a few times 10 5 cts s −1 , but become essential for rates as high as 10 6 cts s −1 (Mereghetti et al. 2005) , which is the case for the brightest bursts from 1E 1547.0-5408, reported in our paper.
The ISGRI detector (Lebrun et al. 2003 ) is part of the IBIS telescope on-board of INTEGRAL. It is an array of 128 × 128 pixels made of semiconductive CdTe, sensitive to photons between 15 keV and 1 MeV. ISGRI works in photon-by-photon mode, so that lightcurves with time bins as short as 60 μs can be produced. The walls of the collimator above the ISGRI detector are made of lead and act as a shield to photons with energies of up to 200 keV. For geometrical reasons, the optical depth of the shield is smaller for photons arriving at large off-axis angles. Hard photons from off-axis sources can pass through the shield and reach the detector, so that bright sources, such as γ-ray bursts, can be detected also when they are formally outside the field of view (see e.g. Marcinkowski et al. 2006 ).
For our analysis we have extracted the ACS and ISGRI detector lightcurves from the data of INTEGRAL revolution 766, which covers a period from 2009-01-20T14:34 to 2009-01-23T04:23 UTC. We have used the Offline Science Analysis (OSA v. 7.0) package, provided by the ISDC to reduce the data.
During revolution 766 the INTEGRAL instruments were pointing toward the 3C 279 region, and 1E 1547.0-5408 was at ∼60
• off-axis angle, outside the field of view (FoV) of the INTEGRAL instruments. Using the ii_light tool we have extracted ISGRI detector lightcurves in two energy bands, 20−60 keV and 60−200 keV. We have applied the barycentric time correction using the barycent 1 . To perform a comparison between the signals in ISGRI and ACS, we have binned the ISGRI lightcurve into 50-ms long time bins in order to match the bins of the ACS lightcurve.
To identify the individual bursts, we have used the ACS lightcurve, which had significantly higher signal statistics. The bursts were identified using the following algorithm. We have measured the background count rate via calculation of 10-s running mean of the ACS lightcurve. Next, we have identified the moments of the on-set of individul bursts as the moments when the count rate rises beyond the 5σ level above the background. The burst duration was determined as the time interval between the moments when the count rate rises beyond the 5σ level and the moment when the count rate drops below the 3σ level above the background. The error on the burst duration was calculated as the difference between the maximum and minimum estimates of the burst duration, which were defined as the time intervals between the moments when the lightcurve crosses 6 and 4σ above the background rate for the maximal duration and 4 and 2σ for the minimum duration, respectively. Additionally we have taken into account the 50 ms systematic error determined by the fixed size of the ACS time bin. The ACS signal is known to occasionally contain short bursts of unidentified nature (possibly due to particle precipitations or due to electronics noise) of a duration of 50-100 ms. Such bursts could be confused with the real bursts from 1E 1547.0-5408. To separate the 1E 1547.0-5408 bursts from the possible instrumental effects, we have searched for each of the identified bursts for a counterpart of the burst in the ISGRI ligthcurve. Only the ACS bursts found simultaneously in ISGRI detector lightcurves with a significance higher than 3 sigma were accepted for the statistical studies. This selects 84 out of about 200 bursts detected in the ACS lightcurve during the analyzed period. Taking into account the smaller collection area of ISGRI, such a strict selection criterion rejects a large number of weaker bursts from 1E 1547.0-5408. However, it assures that all the burst data are "instrumental background free", which provides an advantage from the viewpoint of statistical studies and also selects the bursts for which information about the energies of the detected photons is available. Figure 1 shows the evolution of the source during the bursting activity period. The upper panel of the figure shows the evolution of the rate of bursts on 22 January 2009. The maximum of burst activity happened around UTC 22-01-09T06:40 with more than 40 bursts detected within half-an-hour. This major activity episode was preceded by several weaker episodes, with a growing peak burst rate. A fit of the evolution of the burst rate with an exponential function, N ∝ exp [(t − t max )/T r ], gives the rise time T r = 1.94 ± 0.14 h. A fit with normal distribution, N ∝ exp(−(t − t max ) 2 /(2σ 2 T ) gives a comparable rise time, σ T = 2.64 ± 0.05 h, (see upper panel of Fig. 1 ). The increase of the burst rate ended abruptly half an hour after the major activity episode. The burst rate has subsequently continued to decrease on several hour-and day-time scales. It is worth noting that the source continues to produce bursts occasionally, but with a much lower rate one month after the peak of activity (Golenetskii et al. 2009; Kouveliotou et al. 2009 ).
Results

The 22 January 2009 activity episode
The lower panel of Fig. 1 shows the evolution of the waiting time between the subsequent bursts during the activity period. One can see that the exponential rise in the burst rate during the precursors of the major activity episode was accompanied by an exponential decrease of the minimal waiting time between the subsequent bursts, down to ∼0.2 s (which is much shorter than the inverse of the burst rate). After the end of the major episode, the waiting time has increased abruptly to ≥100 s and has continued to steadily increase on a time scale of several hours.
An expanded view of the ACS lightcurve during the major outburst is shown in Fig. 2 . The brightest event during the activity period was the burst marked b in this figure, with the ACS count rate reaching 1.8 × 10 6 cts s −1 ). Several bursts of comparable strength were observed within an interval of about 2 h around the strongest event.
Individual burst lightcurves
An expanded view of the strongest bursts, marked a, b, c and d in , while the lower panels shows the evolution of the ACS-ISGRI hardness ratio, defined as H = 10 −6 R ACS /R 20−60 . Remarkably, all the four strongest bursts which happened during the main activity episode have qualitatively different time profiles. The lightcurve of burst a has a "flat top" shape with a sharp rise and decay and a nearly constant flux "plateau" period of ∼1 s duration. This shape is similar to the one of the "precursor" to the bright flare of the SGR 1806-20 reported by Hurley et al. (2005) . During the "plateau" phase the spectrum of the source does not vary, as one can see from the lower panel of Fig. 3a . However, the width of the plateau seems to increase with decreasing photon energy, as one can see from the evolution of the ISGRI-ISGRI and ACS-ISGRI hardness ratios.
The strongest burst shown in Fig. 3b consists of a bright short spike of ∼100 ms duration, and a ∼1 s long softer "tail". The peak count rate in the ACS detector is ∼1.8 × 10 6 cts s −1 . This count rate is, in fact, close to the peak count rate observed in the giant flare of SGR 1820-06 by Mereghetti et al. (2005) . However, this does not necessarily mean that the peak fluxes of the two events were comparable. The problem is that at such a high count rate the ACS signal is known to be affected by saturation effects, so that, independently of the real γ-ray flux, the count rate in the ACS detector is close to the maximum possible one.
The uncertainty of the energy response of the ACS detector does not allow a direct conversion of the observed count rate into physical flux units. An order-of-magnitude estimate of the peak flux could be obtained in the following way. For the moderate off-axis angles, the effective area of the ACS detector rises from A eff,ACS (0.2 MeV) ∼ 3 × 10 2 cm 2 up to A eff,ACS (1 MeV) 3 × 10 3 cm 2 in the energy range of 0.1-1 MeV (Mereghetti et al. 2005 ) (we use these numbers for an order-of-magnitude estimate, so that a factor of ∼1 difference in A eff,ACS for the off-axis angles in the range θ ∼ 45
• can be neglected). The average energy threshold of the detectors is E thr 80 keV (von Kienlin et al. 2003) . To estimate the energy flux from below one can References.
(1) Gavriil et al. (2008) ; (2) assume that all the detected photons have an energy about the low-energy threshold, E γ ∼ 0.1 MeV. Multiplying this energy by R ACS and dividing by the effective area one finds a lower limit on the flux
At the distance D 9 kpc this implies the luminosity
This luminosity is several orders of magnitude larger than that of the bursts of the AXPs observed up to now (see Table 1 ). At the same time, the luminosity of the bursts of 1E 1547.0-5408 turns out to be comparable to the one of a typical SGR burst (see e.g. Mereghetti 2008 ). The short initial spike of burst b is less pronounced in the ISGRI lightcurves. This might be due to the fact that in spite of the significant absorption of the signal from the source by the walls of the IBIS telescope, the signal in the ISGRI detector is strongly affected by saturation effects, while in the ACS detector the saturation is less pronounced. Otherwise, the difference in the strength of the spike in the ISGRI and ACS lightcurves could be due to the hardness of the spectrum of the spike. A "hard spike plus soft extended tail" morphology is typical for the SGR bursts (Gögüş et al. 2001; see, however, Ref. Ibrahim et al. 2001 , who report a powerful SGR burst with a pulsating tail but without hard onset spike).
The two possibilities can be, in principle, distinguished via an analysis of the hardness ratio in the ISGRI detector alone. Indeed, the soft (20-60 keV) and hard (60-200 keV) band fluxes in ISGRI should be affected by saturation effects in a similar way, so that the hardness ratio does not change. The middle panels of Fig. 3 show the evolution of the ISGRI hardness ratio over the four brightest bursts. One can see that the spikes of the bursts b and c indeed have somewhat harder spectra than the afterglows. However, the jump in the ACS/ISGRI hardness ratio during the spike is more pronounced than in the ISGRI/ISGRI hardness ratio. This indicates that both the above mentioned effects might be present: the spectrum of the spike is harder than the one of the afterglow and the signal in ISGRI is much stronger affected by the saturation effects than that in the ACS. Not only the bright spike, but also the afterglow lightcurve of burst b in the ISGRI detector suffers from a saturation effect, which is visible as an anomaly in the distribution of waiting times between subsequent photons. This saturation effect results in the production of short time gaps of ∼16, 32 or 64 ms duration, which appear in a quasi-periodic manner. We have corrected the ISGRI lightcurve shown in Fig. 3b for this effect by excluding the gaps from the analysis. We have checked that this photon counting problem affects only the brightest burst and that no anomalies of the waiting times between subsequent photons are present in the spikes and afterglows of the other bursts.
The 100 ms burst phase of the brightest event is followed by a softer "afterglow" tail which is characterized by a power-law decay profile F(t) ∼ F 0 /(1 + [t/T dec ]) with T dec 10 ms for the ACS and ISGRI 60-200 keV energy band and T dec 30 ms in the ISGRI 20-60 keV energy band. The powerlaw decay ends abruptly ∼1 s after the start of the burst, which might indicate a more complicated behavior of the afterglow emission, e.g. the presence of pulsations (see below).
A somewhat weaker burst shown in Fig. 3c exhibits a spike plus afterglow morphology similar to the one of burst b, but with a much larger fraction of the power emitted during the afterglow phase. Two gaps in the ISGRI detector light curve appear because of the telemetry saturation. This prevents an analysis of the spectral evolution during the afterglow phase, but, as one can see from the lower panel of Fig. 3c , the ISGRI count rate closely follows the ACS count rate, so that the hardness ratio does not change over the time interval where ISGRI data are available. In the ACS lightcurve of the burst, shown by the blue dashed line, one can clearly identify the oscillations with the period 2 s, close to the period of rotation of the neutron star. These oscillations were previously reported by Mereghetti et al. (2009b) .
The burst d shown in the Fig. 3d consists of a single hard spike of the duration of ∼100 ms, with almost no detectable afterglow. The ratio of the peak luminosity of the spike to the peak luminosity of the afterglow in this burst and the hardness of the spike emission are comparable to the one of the strongest burst b. Fig. 4 . Hardness as a function of ACS count rate during the main activity period of the source shown in Fig. 2. 
Statistical study of the burst properties
From Fig. 3 it is clear that the bright short spikes in the burst lightcurves are characterized by comparable ACS/ISGRI hardness ratios. It is not clear a priori if all the short spikes have comparably hard spectra, independent of their strength, or whether the hardness ratio of the spike/afterglow emission is determined by the burst luminosity. In order to distinguish between these two possibilities, we plot in Fig. 4 the hardness ratio as a function of the ACS count rate during the main activity period. From this figure one can see a correlation between the hardness and the count rate, which indicates that brighter bursts and afterglows also tend to have harder spectra. The value of the hardness of the brightest bursts is affected by the saturation effects in ISGRI and possibly also in the ACS detectors, but for the moderate flux values the observed flux-hardness correlation is robust. The dependence of the hardness of the spectrum on the luminosity was noticed in the bursts of 1E 2259+586 by (Gavriil et al. 2004 ). This type of dependence is the opposite of those observed in SGR bursts, for which a softening of the spectrum with increasing luminosity was observed (Gögüş et al. 2001) . Figure 5 shows the dependence of the burst duration on the peak count rate and overall fluence of the bursts in ACS. The burst duration is defined as the time interval between the start and end of the burst, defined as explained in Sect. 2. In our case this duration measure is equivalent to the so-called "T 90 " (the duration of time interval in which 90% of the burst fluence is contained). This is explained by the fact that signal statistics in ACS are very high for all the bursts retained for the statistical analysis. It is clear that if a significant fraction of the burst fluence is emitted in the extended afterglow, a correlation between the burst duration and the fluence is expected, because the afterglows of stronger bursts remain detectable during longer periods of time. On the other hand, if most of the burst fluence is emitted in a short spike, no correlation between the burst duration and the fluence would be present. Figure 5 indicates that in most of the bursts a significant contribution to the total energy output comes from the afterglow emission. On the other hand, one can see that the burst duration T is correlated with the peak flux, i.e. bursts with stronger spikes possess on average stronger afterglows. If the correlation of the burst durations with burst fluxes and fluences are fit by power law, the best-fit powerlaw dependences are R ∼ T 1.4±0.2 peak and F ∼ T 1.58±0.08 for the peak flux and fluence respectively. It is clear from Fig. 4 that the spread of the The observed fluence-duration correlation is different from the one observed in 1E 2259+586 (F ∼ T 0.54±0.08 by Gavriil et al. 2004 ) and instead resembles more the fluence-duration relation of SGR bursts, e.g. F ∼ T 1.13 in SGR 1900+14, (Gögüş et al. 1999 ) (note that the correlation F − T correlation is not very tight both in our case and in the case of SGR 1900+14, so that the two relations are consistent).
From Fig. 3 it is clear that already in the forth-brightest burst d the afterglow emission is difficult to detect because of the much lower signal statistics. This means that for most of the weaker bursts, visible in Fig. 2 , only the bright spike is detectable. The duration of the spikes in the bursts b, c and d shown in Fig. 3 is 1-2 ACS time bins, i.e. ≤100 ms. One expects that the ∼100 ms spike duration should give a correct estimate of the typical durations of the majority of the weaker bursts detected by the ACS during the activity of the source. This is confirmed by Fig. 6 in which the distribution of durations of the bursts detected simultaneously by the ACS and ISGRI detectors is shown, peaking at 100 ms. The 50 ms time resolution of the ACS detector does not allow the measurement of details of the burst duration distribution on shorter time scales. Fitting the distribution of burst durations with a log-normal distribution we find a mean of T = 68 ± 3 ms and a scatter of 30 ms < T < 155 ms. The excess of longer duration bursts in the 0.5−10 s interval is due to the presence of the extended afterglows and of several "plateau" like events, similar to burst a shown in Fig. 3a .
From the bottom panel of Fig. 1 it is clear that the main activity period of the source is characterized by the extremely short intervals between subsequent bursts. The waiting time decreases down to values comparable to the burst durations at the peak of activity. Figure 7 shows the distribution of waiting times between the bursts for the entire activity period on 22 January 2009. The waiting time distribution can be fit by a wide lognormal distribution with a mean T waiting = 34 ± 11 s and a scatter of 2.3 s < T waiting < 496 s. At the peak of activity, the waiting time between subsequent bursts decreases to a time scale comparable to the duration of individual spikes, so that the bursts can be considered as either separate events or as parts of the "multispike" flares. This behavior is similar to the one observed in SGR bursts (Gögüş et al. 1999) . At the same time, the observed scatter of the waiting times is larger than the one found in the RXTE observations of 1E 2259+586 by Gavriil et al. (2004) , who found that the waiting time between subsequent bursts is always larger than 1 s (≥10 times longer than the typical burst duration). The difference between the minimal waiting times between subsequent bursts in 1E 1547.0-5408, reported here, and that of the bursts of 1E 2259+586, reported by Gavriil et al. (2004) , could have four different explanations:
1. the bursts of 1E 2259+586 and of 1E 1547.0-5408 are physically different; 2. the RXTE observations of 1E 2259+586 missed the peak of the bursting activity of the source; 3. a gap between the minimal waiting time and burst duration in the 1E 2259+586 observations is related to the sensitivity limit of RXTE (weaker bursts remained undetected); 4. the definition of "burst event" used by Gavriil et al. (2004) slightly differs from the one used in our analysis 3 .
The most natural explanation seems to be the second one: during the limited time of the RXTE observations an intermediate state of activity of 1E 2259+586 was caught. This is clear from the fact that the waiting time between the subsequent bursts in the RXTE observations has systematically evolved toward higher values during the observation. Such an evolution differs from the one found in the case of 1E 1547.0-5408 (bottom panel of Fig. 1 ), where the waiting time first decreases to the lower values as the source activity increases. The arrival times of bursts of AXPs are found to be correlated with the pulsed emission phase. In the case of 1E 1547.0-5408 this fact is difficult to verify, because the amplitude of the pulsed quiescent X-ray emission is just some 7% of the quiescent X-ray flux (Halpern et al. 2008) . It is clear from Fig. 3c that the amplitude of the pulsed emission significantly increases during the afterglows of the bright bursts. To test if the arrival times of the individual bursts are correlated with the phase of the pulsed radio/X-ray emission, one can -study the distribution of the phases of arrival of the short spikes and/or; -compare the phases of the maxima of the pulsed tails of the brightest bursts. episode. To shift the lightcurves of the individual bursts by an integer number of periods, we use the measurement of the period of 1E 1547.0-5408 reported by Kuiper et al. (2009) . From this figure one can notice that although the phases of the maxima of the pulsed afterglow do not coincide exactly, they are rather close to each other. If the afterglow is due to emission from the surface of the neutron star, this might indicate that the afterglows of different bursts are produced by one and the same "hot spot" on the neutron star's surface or that the "trapped fireball" in the neutron star's magnetosphere always appears at the same latitude/longitude. For comparison, we show in the same figure the ACS lightcurve of the brightest burst b. The phase of the sharp end of the afterglow of burst b is shifted by δφ ∼ 0.25 with respect to the phases of the maxima of the pulsed afterglow emission of the other bursts. If the sharpness of the termination of the afterglow of burst b is ascribed to the presence of pulsations in the afterglow emission, the location of the afterglow-emitting region of this burst should be displaced. Otherwise, the difference in the strength and shift in the phase between the afterglows of the bursts b and c could be due to different physical mechanisms of the afterglow production.
From Fig. 8 one can notice that, contrary to the pulsed afterglows, the short spikes of different bursts do not arrive in phase. This is confirmed by Fig. 9 , which shows the distribution of the number of bursts as a function of the phase of the pulsed emission. The phase φ = 0 is assumed to be the phase of the sharp end of the afterglow of burst b. One can see that the phases of the bright spikes are randomly distributed over the pulse period.
It is worth noting that the short spikes indeed seem to arrive at random times and that properties (flux, arrival time) of the spike are not correlated with the properties of the afterglows. For example, the burst shown by the green dotted line in Fig. 8 has a sharp start of the afterglow, but does not possess an initial spike at all. We have also found bursts in which the moment of arrival of the short spike is delayed compared to the moment of the onset of the "afterglow-like" emission.
The large effective area of the ACS detector enables us to detect the bursts with a fluence down to three orders of magnitude lower than the one of the brightest bursts. The distribution of the burst fluences is shown in Fig. 10 . The fluence distribution follows a power law with an exponent −0.5 ± 0.1 over a dynamic range of ∼3 decades in fluence. This behavior is similar to the one observed in the SGR bursts (Gögüş et al. 1999) . Deviation from the power-law behaviour at the low flux / fluence end of the distribution is due to the limited sensitivity of the ISGRI detector: the weaker bursts visible in the ACS fall below the 3σ significance threshold which we have adopted for the burst selection in ISGRI. It is interesting to note that if the luminosities of the brightest bursts from 1E 1547.0-5408 are ≥10 42 erg s −1 , the weakest bursts included in our analysis have luminosities ∼10 39 erg s −1 , matching the luminosity of the brightest burst from AXPs detected before. Comparing the distribution of the burst fluences in 1E 1547.0-5408 with the one of 1E 2259+586 (Gavriil et al. 2004) , we find that in spite of significant differences in the luminosity of individual bursts (≤10 39 erg s −1 in 1E 2259+586 vs. ≥10 42 erg s −1 in 1E 1547.0-5408), both distributions have a power-law shape with approximately the same slopes (0.7 ± 0.1 in the case of 1E 2259+586 vs. 0.5 ± 0.1 in 1E 1547.0-5408). This indicates that the observed power-law behavior of the distribution of burst strengths should be valid also for the weaker bursts which are below the ISGRI detection limit. The distribution of the burst peak count rates, shown in the top panel of Fig. 10 has a smaller dynamical range. A powerlaw fit of this distribution, shown in the same panel, is characterized by a slope of −0.8 ± 0.2, flatter than that of the distribution of the burst fluxes in 1E 2259+586, 1.42 ± 0.13.
Discussion and conclusions
We have studied an exceptional period of activity of 1E 1547.0-5408 which occurred on 22 January 2009. During this activity period, about 200 bursts were detected by SPI/ACS and 84 of them were also detected by IBIS/ISGRI detector. The luminosity of the brightest of these bursts was comparable to the luminosity of the SGR bursts and/or giant flares. This is the first time that bursts of such strength are registered from an AXP. In spite of the fact that the source was outside of the field of view of the INTEGRAL instruments, we were able to study spectral and temporal characteristics of the bursts, because the signal was so strong that in spite of significant attenuation it was able to penetrate through the walls of the IBIS imager.
We have found that the activity of the source has exponentially increased on the time scale of about one hour, reaching a peak at around UTC 2009-22-01T06:40. The maximum of the activity was characterized by a very high rate of bursts from the source, with the minimum of the waiting time between subsequent bursts reaching 0.2 s, which is comparable to the typical burst duration. The increase of the burst rate was accompanied by an increase of the strength of the individual bursts. We were not able to measure the flux of the brightest bursts because of saturation effects. However, we estimate the lower limit on the peak luminosity of the brightest burst to be L > 3 × 10 42 erg s −1 . This luminosity is several orders of magnitude larger than that of the previously detected bursts from other AXPs. Our study of the statistical properties of the large amount of the 1E 1547.0-5408 bursts reveals that the typical duration of the bursts is ∼100 ms. The distribution of the burst duration extends to ∼10 s, see Fig. 6 . The typical and maximal burst durations correspond to the time scales of the short spikes and of the extended afterglows of individual bursts. We find that brighter bursts are characterized by longer durations (Fig. 5) and by harder spectra (Fig. 4) . The extended afterglows of the brightest bursts exhibit pulsations with a period equal to the rotation period of the neutron star. The phases of the maxima of the pulsed afterglow emission of different bursts are close to each other, which indicates that the region (a "trapped fireball" in the magnetosphere, or a "hot spot" on the neutron star surface) is located at the same place in different bursts. At the same time, the bright short spikes of different bursts do not tend to arrive at a preferred phase, which might indicate that the spikes are not produced in the same region as the afterglow emission, as it is expected e.g. in the magnetic reconnection model, in which the bursts occur at high altitudes in the magnetosphere (Lyutikov 2002) . Otherwise, the absence of a correlation with the phase of the pulsed tail emission could be explained by the fact that the emission of the bright spikes is relativistically beamed. The beaming effects might also explain the presence of the "orphan" afterglows without spikes and the time delays between the onset of the afterglow and the spike arrival time, observed in a number of 1E 1547.0-5408 bursts.
A consistent interpretation of the burst timing and spectral properties observed in the 22 January 2009 activity episode of 1E 1547.0-5408 within the two main models of the magnetar flares, the "crustal fracture" and the "magnetic reconnection"
